This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(19) B#S»fff? (JP) 02) ^ |^ & $| (A) UDttfftiiH^IHS^ 

#^2000-14672 
(P2000-14672A) 
(43) 'Am B ¥f£l2^ 1 H 18 B (2000. 1 . 18) 



(SOIntCl- 7 
A 6 1 B 8/00 
G 0 1 N 29/24 
H01L 41/09 
41/22 
H 0 4 R 17/00 


3 3 2 


fi f-?3-r(^#) 

A 6 1 B 8/00 2 G 0 4 7 
G 0 1 N 29/24 4 C 3 0 1 
H 0 4 R 17/00 332A 5D019 
H 0 1 L 41/08 C 
41/22 Z 
*£n* m*1K<D&S OL (:£ 8 H) 


<21)fflH#^ 


ftK¥10- 184442 


(71)fflISA 000003078 








(22)ttiS0 


^JBKIO^ 6 M 30 0 (1998. 6. 30) 


t*35/iim;n«^g:a;i[Pr72#^ 






\* 6) tEWW XT 


















(74)f$lA 100058479 















(54) C55W»*«:] m : £1ti-7a--71s&tt<nsmfi8i 



(57) [KM] 

EE«*tta*»fe<tSffi«JB«i-T- (1) 

amiSii^- (i) <oTSfc?l&*$itfc 

(3) i. JEmiS®)^- (1) (O-kffiKB&aSixfc 
*»-*'s'^>^JB (4) iil : ffiLfcifi7'n-7'-c 
*oT % EEttfilb^ (1) k=r^7£'<y*^?'tt (3) 
iOMSC^yh'^^WjtJB (2) *«K»t6Jx-CV^5. 



iSUV7 5 

a««ia? I - 




(2) 



t$EJH2 000-1 4672 



mJlSiESigiijT- £ -y * k (omiztSirt hti 

tz^y fcTv^lfcJkJB k MR LtzZ k i^a* 

Z > Zb ^W^l-liT^ X x 2 x Zb /Z 
Z < Zb O^i^i^T^ X x 2 x Z/Zb 

<b J: 5 kb**-*-* r. t zw&t -rzm&m i e3£cd 
^-Trncomm t mmfo^m-m^j&tfz $ ftr -ftbi* 

iicM^Tfc^ 8uEJ±ttigl&^±®<0«ffi£^ 
Jg 1 Ett^a^ffifc:^* 
1 EftcoS^K^o— ^ c 

^ ij bBtjEy-f ^Ii-CJBfiE £ ft *: *V S/ 7 -< v 
[0 0 0 1] 
[0 0 0 2] 



JEmSK^ 1 cOiStCtt^^ry^V^Jf .4 

ft. JEmS»T-li3ct^»^^ i ^>^Ji4ttT WAD 

»*$ftfc««tt, y\s*i/7^®m%kWL (fpc) 

*«tt5^— ^/u*^U-C»Wr3SH(c««c$ftTt^5, 

[0003] 0 6 ic^mmzm-fzm^&yv-y 

li, 87 (a) *5±tf (b) jc*-r*ife-e«iSSix5. 

HI 7 (a) (C^-T £ 9 — {fc^tfceOJEttlBKhFlOffi 

v^#j&sffl^<bft-C^5 0 JElBlSKhF- 1 cojiffilc 

ff^>7fy^i4^Mtoo f^50//ml 

±(C^U>X5^^L-C(1I6 (C^-rfllatSr^-r 
[0 0 0 4] Effi^n-^-Cii, JE®H®H^ L 

(pzt) jfkj±m-t? $ v #ttmi&m£inx'& 

[0 0 0 5] -ftlcStLTifi^ fci*liffi«B=*^» 
fb v £0@@^T^5Pb ( (Zm/3Nb2/3) 0.9iTi 
0.09) 03 ffitt*ttAO± 5lC«*«««^«»k33^ 

9 0%JK±t**lwaap|c«ftfc»»^H«Sft-CV^ 

X-To<b, ffitt*«Sfico=f^^^<y^v^*f(c«a$ft 
fcffio^V vmz^y z k 

&h*>k\t*i?$&&£.£1Zo cftlt Pb ( (Zni/3 
Nb2/3 ) 0.91T io.09) O3 #^c0ffifiW8S£>fl!Hft 

AOX0$t0]£2>|;iJ: *9 ^jU^^y^rV^tt^^u-CJEm 

v^/T^lSoi^x'bftS, I^LtEt^lSfB^y 

[0006] z^x o'izfrmw&gkZT u^adx-ts^ 



(3) 



^If12 000-1 4672 



»tttfe>o##*:#<fcs 0 T W*^ttii*+a>&« 
[0 0 0 7] 

[0 0 0 8] 

cOTS^^^nfc^A^/^i/^^^^, IWaflEttig 
K^iffi^fiKSixfc^S^s/^^^Jii:, iiulEJE« 

[0 0 0 9] ^WcoS^ifi^n— ^oKjg^rjfeii, JE 
[0 0 10] 

P b ( ( Z n 1/3 N b 2/3 ) o. 91 T i o. 09) O3 

[001 1] ^w^jB^a^o-y^tt, jesss®^ 
5 -x ^ fc i *. tf y # h * 4fo«nn»jiB*r 

£k J: V^ixbcoffl^»Wfci:x.tfT/u 5 

o, cnfc<WW^5 Vfcfi'Jtt-lr^S -7^^PZT^t 



^^m±mt lt'j- K3iaaLfflfi07u*'>^/up(]jsijia 

(FPC) eoiataJBSr¥iJfflLTfcJ:v\ 
[0 0 12] 7y tT>^l»ihJB* s »-rrSi:. t°> 

[0 0 13] wwT\ fie^^ifeT-^jS^n— 

U T u-f Sl^-M(0»i4*i<bo#{i6 d BfiJLL[£*5 0 
[00 14] ±E^^^#>'j»»ffl<off$S:#iittcA 

^*BSJt-C#fc 0 fc/-'L, 7W*fP^#ttlf5)0# 
i*2 d Bilt'feof: 0 £7t. ^tUMJC 5 v m flit CO ^f- 
y trv^BfiihSSrlS— *»^-e^-T5 C 4:«iBilT-*> 

Ld*fcr u^SI^PBlO^tttf <bo#«il d BJEJIT 
[0 0 15] — ^5/ t°>^Kit/f OJ5£OXPlfiE T 

Z > Zb wt^iciiT^ U2xZb/Z 
Z< Zb O^^lcliT^ U2XZ/ZB 

[0 0 16] S^ffi^a — >^T'Ji. JEmSifr^-CD 



(4) 



&m 2000-1 4672 



[0 0 17] hz*>&* JE«l|M**tt*~ y— ,fiu&s 1 8 

fieoBRtw f p c (ommm t^eaft it t tft»»«s t _ls 

#»B<z>»WcJ: !9*»(0»«:f±^aSixS J: 5 left 
[0 0 18] **Mlcio^-C(i, JEmSft^pgSSSBl;: 

^ffitc^-T-So fit, JEmSK^JiSomffii:^.;/ 

flEasib^^i^asaj-ettiffi* fc ist® co^-r 4x#>— * 

[0 0 19] £<bic, JiSELfcJ;9ic^y tr^^KihJB 

[0 0 2 0] )JcJC, **M<oai : jK7'n— ^60»a*i£ 
H ^y t*:/^KihIl£!£tf 5 - , TWto© 



ttM> e> Buffi *V v- v /ii-eigfilc snt^->y^7^ 

[0 0 2 1 ] 

H-e^-To i±mfil»JT- 1 (i P b ( ( Z n 1/3 N b 2/3 ) 
o. 91 Ti 0.09) O3 K>b^ot^!), Brittle 
SJ9fcti£*t % BffE^4ft(-SDX$JxTi^o a rcojBEmSlE!) 

y^^^Ji4, ffi«JBKh?- 1*5*15^5/ e>^B6jh»2 
S:MLt»®<i:¥ff^^{^o« (roBlT'liBl 
^£4x&V\> SrJgjSL-rr WiDX-TSo roRi. EES 

itJg2tfSJK/S£nT^ofcat>* JESSIE 1 ii^y 

[0 0 2 2] ^-y tf^^65it« 2 t LT, I^Omiii 
co-RB'Jtt-fe^ 5 y^ t>b< (iPZT^ir^ ^ y JPS 

7 5/i m60/u^ y y (tSMgv-- b) > fMOOiim 
0>#y # — K JP£ 5 0 m mOlS^A, ifctiff 

s 3 o n m(OT^^i-mM^^^^mm\^wc^^rz 
scrawl i i^>r anx-c#fco 

[0 0 2 3] "f-y tfv^KihJBcoffSTii. ^ 

Z > Zb O^^lctiT^ A x2xZb/Z 
Z<Zb Oi^l:!j:T^Ax2xZ/ZB 

ii\ ®^co{g;T(il dB«T<!:Sfflr#oSS-efcSo 
[0 0 2 4] ^fr^ic, \?>?ffi±m 2co/5£co± 

^^■y^y^cof^yt-yy^ZB 2. 2x 
106 k g/m2 s T'^Oo 

[0 0 2 5] ttx.ll P Z TSt7 ^ 3/ ^(O^S-Y > 



(5) 



000-1 4672 



t-yy^Zii3 5xi06 kg/m2 s-C£>£o PZ 
TSir^ ^ y?*P<D^mX4 5 0 0 m/ s T*&9. i^iffi 

li, 0. ll 3mmJ&lT(c:-t-ixtfJ:i\ 
[0026] # y ho^®^ vt o -y 

V*ZI3:2. 4X106 kg/m2s"C*)5o #y# — 

— h fO^iSli 1 9 5 0 m/ stfc^ JSSft 5 M 
H z T'te&gjUiO. 3 9mm-Cfc5 0 #V 
— hJ&»fc#5^*^>^KlhJiOff£l*, 0. 

[0 0 2 7] H2iC^SS^j;c*5(t5@ : i 1 ^^ > ci-^^ 
±9I¥*ffli;:*U »ifi*8=i <t fc letters, JEmiSift 

(GND) fflFPC8^1I^^fflMttt^o JE 

misift^ i (DTm<Dmm e (ommcm^m f p c 9 co» 

^JT'S^-T^o F PC 9^1Itf-i/ t°Vi/ESihii2 

tzm&ttm- e> 4 * j?f * com 1 - 7 f^i4 
[0028] w:, f pc 8, 9^^y^->^^comm 

left 0 X 0 '^TJj^m 9 *tf 5o 

y-icir-yhu, ^^coe^^r'^2 : g : s^^^>^/i 

4' , *lWTo / fy^j4, JEftfittT- 1*5*0^ 

1 tt^-y f^^^utcjpxt?*^ J£«*tt£u±r 

W /HJX&ic5MS*ffc*£i:£fc«>, F PC 8, 9 co4g 

Wr«lc->y 3-v«tJBSr?iS*L, JB 2 y ^ v ^» 

4' l!:fSi/yX5?:gftOo £<bfc, FPCcoiS 

[0 0 2 9] ZCDXo leLTSIiig^nfcS^ifi^n-:/ 
2 

2 IC^L/i^i^^^-ro^lP&^n-y-CJi. FPC 



[0 0 3 0] g] 3 (C:fc^T, JEmiSibT- 1 <DTm& XXI 

FPC(OW«»3fls««SJxS«J(Di!8»^e>«i 
7 j^biEfclBlH 1 1 ir«*S:PpJn-r5 w t le <fc 19 

[0 0 3 1 ] — ^T. 50m mtDT/U^ ^d»<b*5^ 

i- * t> f p c <d mnm s *t 5 « <os»«a* e> p§ u 

Affile JgfiK-f &o 
[0 0 3 2] JBEBSKhPl c^T®com^6 i^s/feT:^ 

»»»JS:*PJEL*^e>B!{t:i-^ct«c:j: 9. j5f 

'>«»*Jl 0$r5t«i-5 o 
[0 0 3 3] Ellgli 1 1 0±®(Om^ 7 cOSSJaSjc G N 

omr pc 8<Dmmm&¥mttti'tz>, s f-y\f>#v>± 
m 2<oT^<omM(o^u\z\t^m¥ pc9(Diti^t 

[0 0 3 4] FPC8, 9^/<^^rV^«-^ffl'J® 

4* , il^^fy^l4, JEmigft^lfcJ:^ 
y fVi/Kih® 2^r^]^fL-rr i/^^JDXf do /±m^l5 
^ 1 14^ y Xf>?ti: LJCiDXT't 5 0 T U-f ADXatwS 

com@6, 7^^ f ^LTV^o c f 1 ^O^^^ti$n, f^T 
1 Oio<t^^e'V-7 r Kih«2coa)ifl:Sr^T*±T 



(6) 



!f#fJ8 2 0OO-1 4672 



«JEdspp»DSix*^(0-C»fiiSlx<c^o -to SSL mWrm 
[0 0 3 5] wOJ: 9(cLrKiS*ixfcSffK^o — ^ 

GNDfflFPC8*iJ;t;fltfflFPC9S:fflSt5o JE 

mig®!^ 1 o±scomn 7 o^astc G N F P C 8 CO 
2 ^TE<Ottffico«Satc{t-5-ffl F P C 9 (o^mm 

[0 0 3 6] JSfcSc, JEttigft^- 1 cO±ffitc»»SixfcG 
NDfflF PC 80W«JB±tcSl«»"^y : ^^^JB4io 
J:^12f^7fy^l4' 4rJK/£U JE«K»^ 1 
^Tffiic»*£;h,fc{f-§-fflF PC 9(D^mm(OT^^^ 

^ l<OTffifc»*£;hJtFPC9(0WWB (MIS) 
[0 0 3 7] H4(Dffi : g : iK^o— JEflKSMHf-l 

#1;:* uftjastu ^fflf+it*TTo-cv^*v^-e, mm 

[0 0 3 8] H!60!l 4 

[ 0 0 3 9 ] 0 5 ( a ) ic^-f J: 5 ic, ¥&nflMt!]T- 1 

pc (ia**-f) co«itt»s:««tLfca, m&ikmm* 
fco Sif^->fy^i4^Ltii r /us -Mia** 
[0 0 4 0] is (b) [ZTjk-rxoiz^ z<nmm%o&m 



y ^> ^if 4 Srto-Tja»(C«J 9 * XT W £DX L fc 0 

Ji4-ex*.e>n-cv^fc», tr^fcuc^ttfits 

Eb^- 1 «raox-C#fc 0 

[0 04 1 ] i5 (c) [CTjk^Xolz^ 8JW»loy = 
-V»JJB (H**i") SrXttU 7i^»lX3i'ifcJ|i» 
fia»-T-l4r=fA5R^y*^^W3±lc«*Lfco * 

Sl*»^y^ 1 >'^Ji4S:BfSoff$(ci3FBL. -t 
0±lc»2*W^y*-^^JB (H«*-r) Lfc 0 

t-7Mti5 (b) y>^iaoTM^/: 
^v/y^^y^t'^v'y/L, * l y^-v 
^Ji4co«jo«L55-*-er u>r*pxLfc 0 cobs, w& 

o#[2 1 d BJWT-CfcSo 
[0 0 4 2] 

[3£93<05»*1 KJil¥iELfcJ:5lc*:*M(c«fcntf. £E 

JJM££o?- ^ tr is JfZffist l T^tt** fc*5 J; t;««ttffi 
T £r B6 Jh t? # 5 j@ $ & zf n - :/ * ffi fit "T 3 w £ # T*t 

So 

[mi] *«M<o3ll6^Jl l^io(t5«W8E^n— ^oBf 
[0 2 1 i 1 cOl§KyD-y^ J: <9f¥»c^tffi® 

[Ho 

[13] ^m<onmm2\z.^^mw^zf^—^(DWi 

[04] *^P^OH^I3 (C^ttaS^^^n— -s*<DWt 

[0 5] *55M<oSI«W4Sci3»t*«*a^ , o — ^<OK 

[0 6] tS*<Dfi*a^o-^«»«BI 0 

[0 7] ffi*<DjB*K^c-^(0»iS*iS6S:*i-»« 

0o 

[W^cotftP^] 

1 •■•EE®aS!j^ 

2 -f-y b'V^Klh® 

4, 4* -^S^y^V^JB 
5--#^U>-X 

6, 7 -'mm 

8, 9-FPC 
1 0 

i i 



(8) 



1#g3 2 000-1 4672 



F* — -MtMJ) 2G047 

4C301 
5D019 



AC13 BC13 EAOO EA11 GBOO 
GB02 GB17 GB21 GB23 GB25 
GB28 GB29 GB32 GB33 GB35 
GB36 GB38 

EE12 EE20 GB04 GB18 GB19 
GB20 GB22 GB24 GB27 GB33 
GB34 GB36 GB37 GB38 GB40 
AA22 BB03 BB12 FF04 GG01 
HH01 



Page 1 of 1 



Patent/ public disclosure document 
2000014672 

[ Abstractfmade by the applicant) ] [ Claims ] [ Detail Description ] [ Drawing Description ] 
PATOLIS will not assume the accuracy or the reliability of the translationprovided automatically 
by computer and will not be responsible for any errors,omissions or ambiguities in the 
translations and any damages caused by the use of the translation. 



https://patolis-e.patolis.co.jp/mei_linkE.html 



6/13/03 



Page 1 of 9 



(57) 

[ABSTRACT] 

[PROBLEM TO BE SOLVED] 

Piezoelectric single crystal is used as piezoelectric oscillator, the ultrasound probe which chipping of 
piezoelectric single crystal is prevented in array processing, and can prevent character degradation and 
dependability fall is provided. 
[SOLUTION] 

(Fail: -1003:::: This sentence faiedin the transration.) 



[WHAT IS CLAIMED IS:] 
[Claim 1] 

Ultrasound probe; wherein; Piezoelectric oscillator with the use of piezoelectric single crystal, The 
rubber system backing material which is formed by underside of said piezoelectric oscillator, The sound 
matching layer formed by top of said piezoelectric oscillator, The class of prevention of chipping 
installed in between said piezoelectric oscillator and rubber system backing material was comprised. 
[Claim 2] 

Ultrasound probe; according to claim 1 wherein; When Z B , wave length corresponding to center 

frequency of ultrasound probe are done with lambda in Z, acoustic impedance of rubber system backing 
material in prevention of said chipping tabular acoustic impedance, caliper T of chipping prevention bed 
is set for the purpose of it being in *2* T □ . . . lambda Z/Z B in the event of *2* T □ . . . lambda Z B /ZZ 

<Z B in the event of Z> Z B . 

[Claim 3] 

Ultrasound probe; according to claim 1 wherein; One pair of electrode is provided on top and bottom 
both sides of said piezoelectric oscillator, one said electrode leaves one end of above piezoelectric 
oscillator, and is formed, the other above electrode leaves another end of above piezoelectric oscillator, 
and is formed , even more particularly, the electrode which top and bottom both sides of above chipping 
prevention bed and unilateral face seem to be covered, and is formed is comprised, electrode of above 
chipping prevention bed top is formed for electrode and parenchyma of above piezoelectric oscillator 
underside by same shape, and these are connected each other, electrode of above chipping prevention 
bed underside is formed by the entire surface, each lead is drawn, and an electrically conductive layer of 
a printed wiring board for is connected to electrode of electrode and chipping prevention bed underside 
of above piezoelectric oscillator top. 
[Claim 4] 

Ultrasound probe; according to claim 1 wherein; An electrically conductive layer of a printed wiring 
board for lead drawers was used as the prevention of said chipping layer. 
[Claim 5] 

Production method of ultrasound probe; wherein; The operation which bonds sound matching bed to one 
face of piezoelectric oscillator with the use of piezoelectric single crystal, Till said sound matching 
tabular part is reached from said piezoelectric oscillator side, the operation which does a die thing, The 
operation which bonds rubber system backing material to the other face of said piezoelectric oscillator, 
Till a dicing line formed in said die thing operation by said sound matching layer side is reached, the 
operation which did a die thing was comprised. 

PET AILED DESCRIPTION OF THE INVENTION] 
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[0001] 

[TECHNICAL FIELD OF THE INVENTION] 

The present invention relates to a method for the manufacture of piezoelectric oscillator ultrasound 

probe and the of medical ultrasonic diagnostic equipment using single crystal. 

[0002] 

[PRIOR ART] 

Ultrasound probe of medical ultrasonic diagnostic equipment does the array type which arranged being 
tanzaku-shaped-shaped oscillator a lot, supersonic wave beam is controlled for electron, high fault 
image of resolution can be acquired in real time. Configuration of generic ultrasound probe is shown in 
FIG. 6 . In FIG. 6 . the electrode which is not illustrated is formed on both sides of piezoelectric oscillator 
1. Underside of piezoelectric oscillator 1 comprises ha backing material 3. Sound matching layer 4 is 
formed in top of piezoelectric oscillator 1, is processed array into piezoelectric oscillator 1 and sound 
matching bed 4. Arrangement lattice parameter of array probe is around 0.2mm with a narrow thing. 
Acoustic lens 5 is formed on sound matching layer 4. Supersonic transmission and reception is done 
through this acoustic lens 5. Electrode formed on both sides of piezoelectric oscillator 1 goes through a 
flexible printed wiring board (F PC) and cable, and it is connected to diagnosis apparatus. 
[0003] 

Ultrasound probe having configuration shown in FIG. 6 is produced by FIG. 7 (a) and (b) a method. On 
earth, as shown in FIG. 7 (a), the electrode which is not illustrated on both sides of piezoelectric 
oscillator 1 of configuration is formed. This piezoelectric oscillator 1 is adhesively bonded on backing 
material 3. In medical probe, rubber system backing material is used like the backing material which 
mixed backing material and chloroprene rubber and the epoxide resin which mixed ferrite powder with 
neoprene rubber for backing material 3. In addition, Sound matching layer 4 is formed in top of 
piezoelectric oscillator 1. Next, By means of die thing saw having diamond blade of 50 caliper mu m 
degree , from four sound matching bed side, piezoelectric oscillator 1 is cut, bezel of severalOO deep mu 
m seems to be formed to backing material 3, and a die thing is done at a time. Afterwards, Acoustic lens 
5 is formed on sound matching layer 4, and structure shown in FIG. 6 is finished. 
[0004] 

In medical probe, titanic acid lead zirconate (PZT) system piezoelectric ceramic material of around 70% 
is employed electric machine bond coefficient k 33 as piezoelectric oscillator conventionally, there did 

not need to be the thing that issue is produced by means of production method of superscription 

particularly. 

[0005] 

As against this, In late years, for example, the material that electrical services machine binding constant 
k 33 was superior in efficiency in emergency more than 90% like the Pb ((Zn l/3 Nb 2/3) 0 91 T * 0 09) ^ 3 
piezoelectric single crystal which is solid solution of spelter lead niobate is developed. If such a 
piezoelectric single crystal is used, character improvement of ultrasound probe can be expected. 
However, the production method is adopted by means of piezoelectric single crystal, piezoelectric single 
crystal is bonded to rubber system backing material in peoxy adhesire, after having formed sound 
matching bed on piezoelectric single crystal, when array was processed in die thing saw, the issue which 
chipping could occur to a die thing edge of face bonded to rubber system backing material of 
piezoelectric single crystal produced. When mechanical strength of piezoelectric single crystal of Pb 
((Zn 1/3 Nb 2/3) 0 91 Ti 0 09 ) O 3 compared this with a PZT system piezoelectric ceramic, and rubber 

system backing material transformed by stress in array processing weakly, and piezoelectric single 
crystal gets impossible to be supported well, it is thought that chipping produces. It is difficulty that 
chipping of such a piezoelectric single crystal controls in coordination with processing condition. 
[0006] 

As thus described when array processes piezoelectric single crystal, when chipping occurs, electrode 
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acreage of oscillator machined to the letter of being tanzaku-shaped decreases, and invitation, character 
dispersion between array elements become massive in character degradation. The number of the array 
elements, from dozens of, of several hundred, it is saved, character unevenness between array elements 
influences image quality of fault image displayed by diagnosis apparatus. In addition, The chipping 
which occurred in piezoelectric single crystal may develop into crack, this is connected in fall of 
dependability. 
[0007] 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

It is an object of the present invention to provide the ultrasound probe which piezoelectric single crystal 
is used as piezoelectric oscillator, and chipping of piezoelectric single crystal is prevented in array 
processing, and can prevent character degradation and dependability fall and the production method. 
[0008] 

[MEANS TO SOLVE THE PROBLEM] 

Ultrasound probe of the present invention is characterized by that chipping prevention bed installed in 
between sound matching bed formed by top of rubber system backing material formed by underside of 
piezoelectric oscillator with the use of piezoelectric single crystal and the piezoelectric oscillator and the 
piezoelectric oscillator and the piezoelectric oscillator and rubber system backing material was 
comprised. 
[0009] 

Till production method of ultrasound probe of the present invention reaches part of the sound matching 
bed from the operation which bonds sound matching bed to face of on the other hand of piezoelectric 
oscillator with the use of piezoelectric single crystal and the piezoelectric oscillator side, till a dicing line 
formed in the die thing operation by the operation which bonds rubber system backing material to the 
other face of operation doing a die thing and the piezoelectric oscillator and the sound matching bed side 
is reached, it is characterized in in having comprised operation doing a die thing. 
[0010] 

[MODE FOR CARRYING OUT THE INVENTION] 

As follows, The present invention is explained more in detail. Ultrasound probe of the present invention 
is a thing with the use of piezoelectric single crystal as piezoelectric oscillator. Piezoelectric single 
crystal is not limited in particular, single crystal comprising of solid solution with single crystal 
comprising of solid solution with spelter lead niobate and lead titanate represented to Pb ((Zn 1/3 Nb 2/3) 

0.91 ^ 0.09) O 3, lead-magnesium niobate and lead titanate, lithium niobate single crystal are given. 
[0011] 

In ultrasound probe of the present invention, the prevention of chipping layer is made between 
piezoelectric oscillator and rubber system backing material, and chipping of piezoelectric oscillator in 
array processing is prevented. In the prevention of chipping layer in the present invention, the material 
which is hard to be transformed as against stress more firmly than rubber system backing material is 
used. For concreteness, And, inorganic system material such as ceramic or glass, metal material of 
copper alloy, engineering plastic rigid resin material of polycarbonate, for example, these composite 
material can use the epoxide resin which, for example, scattered alumina powder in optimum. As for the 
ceramic material of free-cutting ceramic and PZT system ceramic, particularly preferred in processing 
by diamond blade being easy among these material. In addition, Conductive layer of a flexible printed 
wiring board for lead drawers (F PC) may be used as the prevention of chipping layer. 
[0012] 

When the prevention of chipping layer is too dilute, effect preventing chipping is not provided. On the 
other hand, When the prevention of chipping layer is too thick, difference of acoustic impedance with 
prevention of chipping bed and backing material is based on, and probe character varies from to. In 



https://patolis-e.patolis.co.jp/pa^^ 6/13/03 



Page 4 of 9 



particular, When it is compared with backing material like ceramic as the prevention of chipping layer 
between piezoelectric single crystal and backing material, and massive material of acoustic impedance is 
interposed, effect to probe character is easy to be produced. Because of this, As for the prevention of 
chipping layer, a thing having suitable caliper is preferable. 
[0013] 

In here, When ultrasound probe is produced in conventional method, there is adhesion layer of less than 
or equal to about 3 mu m between both in piezoelectric single crystal being adhesively bonded in epoxy 
system adhesive on backing material. However, As mentioned earlier, chipping occurs in piezoelectric 
single crystal when, in this state, array is machined, it is larger than 6dB character dispersion between 
array elements. 
[0014] 

Caliper of the peoxy adhesire is taken into account, evolution of chipping was able to be prevented when 
chipping prevention bed of five caliper mu m was formed in PZT system ceramics, and array was 
processed. But, The character dispersion between array elements was 2dB degree. In addition, It is 
distress to form the prevention of chipping layer of five mu m degree with the thickness that is 
homogeneity practically. In there, There was not evolution of chipping when chipping prevention bed of 
ten caliper mu m was formed in PZT system ceramics, and, besides, as for the character dispersion 
between array elements, ldB was equal to or less than. From the above, As for prevention of chipping 
tabular caliper 5, ten mu m is more older than more than mu m. This situation is preferable. 
[0015] 

On the other hand, When ceiling value T of prevention of chipping tabular caliper does Z B , wave length 

corresponding to center frequency of ultrasound probe with lambda in Z, acoustic impedance of rubber 
system backing material in acoustic impedance of chipping prevention bed, preferred condition in the 
event of Z> Z B in the event of *2* T □ . . . lambda Z B /ZZ <Z B of *2* T □ . . . lambda Z/Z B seems to 

be satisfied, and setting. If prevention of chipping tabular caliper is more dilute than ceiling value T 
provided from the equation, alteration of probe character based on difference of acoustic impedance 
with chipping prevention bed and backing material can be prevented, gain fall can be controlled. 
[0016] 

In addition, An electrically conductive layer and soldering of two levels of F PC are done to draw one 
pair of electrode formed on top and bottom both sides of piezoelectric oscillator in ultrasound probe 
from one side. For this case, It is a cause to disturb symmetry of sound field so that the territory which 
an electrically conductive layer of F PC is connected to is compared with other territory, and some 
character deteriorates in the shadow of pewter and an electrically conductive layer. This problem is 
broken off by changing a case with the use of conventional piezoelectric ceramics, electrode structure. 
For example, Electrode of top of piezoelectric oscillator forms on the entire surface, but, electrode of 
underside separates from in a center electrode and two end electrode, electric field is applied between 
electrode and center electrodes of top, and polarization does only central part of piezoelectric oscillator. 
As a result, Only central part functions as oscillator, an ends can get symmetry of sound field in what do 
not function as oscillator. Afterwards, Minute territory and soldering of end electrode and end side of a 
center electrode do an electrically conductive layer of F PC in the underside side, and coke strength is 
given to draw electrode of piezoelectric oscillator from one side. 
[0017] 

However, because Curie point is low with around 180 degrees Celsius piezoelectric single crystal, 
polarization degradation is easy to be produced in heat of soldering and array processing. Because of 
this, Piezoelectric single crystal has to grind repolarization after array processing. However, Even if 
electrode of underside of piezoelectric oscillator is separated from in a center electrode and two end 
electrode as discussed above, when electrode is formed, electric field is applied to the entire surface of 
top between end electrode and the top electrode which did soldering in the case of this repolarization in 
an electrically conductive layer of F PC, is done polarization, and an oscillator end comes to function as 
oscillator, too. As a result, Symmetry of sound field becomes disturb by pewter and effect of an 
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electrically conductive layer. 
[0018] 

In the present invention, Electric field seems not to be applied to an ends of piezoelectric oscillator, and 
electrode configuration is improved, it is desirable to get symmetry of sound field. For concreteness, 
One electrode is kept away from one end of piezoelectric oscillator, and, about one pair of electrode 
formed on top and bottom both sides of piezoelectric oscillator, it is formed, the other electrode is kept 
away from another end of piezoelectric oscillator, and it is formed. In addition, The electrode which 
seems to cover prevention of chipping tabular top and bottom both sides and unilateral face is formed, it 
is formed, and electrode of chipping prevention bed top connects these to same shape for electrode and 
parenchyma of piezoelectric oscillator underside each other, electrode of chipping prevention bed 
underside forms on the entire surface. And, Each lead is drawn, and an electrically conductive layer of a 
printed wiring board for is connected to electrode of electrode and prevention of chipping layer 
underside of piezoelectric oscillator top. Because, in such an electrode configuration, there is not 
electrode in either of top or underside with an ends of piezoelectric oscillator, an ends can need to leave 
polarization, and there does not need to be the thing that symmetry of sound field is disturbed. 
[0019] 

Even more particularly, As mentioned earlier, when conductive layer of F PC is used as the prevention 
of chipping layer, while, without the use of pewter, pressurizing adhesive, if it makes an electrically 
conductive layer of electrode and F PC of piezoelectric oscillator adhere, and conduction is taken, 
symmetry of sound field can be found. Besides, Besides, crack initiation to piezoelectric single crystal 
by residual stress can prevent evolution of residual stress by topical heating in soldering, yield of 
ultrasound probe can be improved, 
[0020] 

Next, Production method of ultrasound probe of the present invention is going to prevent chipping of 
piezoelectric single crystal in array processing without making the prevention of chipping layer. In this 
approach, After having bonded the class of sound matching to one face of piezoelectric oscillator 
comprising of piezoelectric single crystal, till part of sound matching bed is reached from piezoelectric 
oscillator side, a die thing is done. Because, in this die thing operation, lower part of piezoelectric single 
crystal is supported at the sound matching stratum, chipping of piezoelectric single crystal can be 
prevented. Afterwards, After having bonded rubber system backing material to the other face of 
piezoelectric oscillator, till a dicing line formed in the die thing operation by sound matching layer side 
is reached, a die thing is done. By such a method, chipping of piezoelectric single crystal can be 
prevented. 
[0021] 

[EXAMPLE] 

As follows, Embodiment of the present invention is explained when taken with the drawing. The 
assembling which is fundamental of ultrasound probe of the present embodiment is shown in example 1 
FIG. 1 in cross section. Piezoelectric oscillator 1 consists of Pb ((Zn 1/3 Nb 2/3) q 91 Ti 009 ) O 3 single 

crystal; is cut and brought down by predetermined azimuth, is processed into predetermined 
configuration. The electrode which is not illustrated is formed on top and bottom both sides of this 
piezoelectric oscillator 1. An electrically conductive layer of the F PC which is not illustrated 
respectively is connected to these electrode. Prevention of chipping layer 2 is bonded to underside of 
piezoelectric oscillator 1. Underside of prevention of chipping layer 2 is adhesively bonded on rubber 
system backing material 3. It is formed sound matching layer 4 in top of piezoelectric oscillator 1. In 
this state, it sets in die thing saw, sound matching bed 4, piezoelectric oscillator 1 and chipping 
prevention bed 2 is cut in predetermined lattice parameter, and spreading bezel (in this illustration, is not 
illustrated) is formed, and array is processed into the direction which is the space and parallel. In doing 
so, Piezoelectric oscillator 1 can be processed without chipping so that prevention of chipping layer 2 is 
formed between piezoelectric oscillator 1 and rubber system backing material 3. Afterwards, Silicone 
resin is filled with breaking bezel, acoustic lens 5 is bonded on class of sound matching 4. 
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[0022] 

The composite material which scattered alumina powder of free-cutting ceramic of 50 caliper mu m or 
PZT system ceramic, Lumi matte of 75 caliper mu m (resin sheet), polycarbonate of 100 caliper mu m, 
copper alloy of 50 caliper mu m or 30 caliper mu m in epoxide resin for class of prevention of chipping 
2 was used, but, array was able to process piezoelectric oscillator 1 comprising of piezoelectric single 
crystal without chipping in the case of whichever. 
[0023] 

In here, As lambda, condition of *2* T □ . . . lambda Z/Z B seems to be satisfied in the event of *2* T 

□ . . . lambda Z B /ZZ <Z B in the event of Z> Z B , and, prevention of chipping tabular caliper T, it is set 

Z B , wave length corresponding to center frequency of ultrasound probe in Z, acoustic impedance of 

rubber system backing material in acoustic impedance of chipping prevention bed. This is to avoid 
prevention of chipping layer 2 and effect to probe character by difference of acoustic impedance with 
backing material 3. If prevention of chipping tabular caliper satisfies the condition, fall of gain is lower 
than ldB and the degree which can be ignored. 
[0024] 

It is equal to or less than, and the result which calculated ceiling value of caliper of prevention of 
chipping layer 2 is shown to be concrete. Acoustic impedance Z B of the rubber system backing material 

which employed here is 2.2* 10 6 kg/m 2 s. 
[0025] 

For example, Acoustic impedance Z 35*10 of PZT system ceramic are S1X kg/m 2 s. Acoustic velocity in 
PZT system ceramic is 4500m/s, and wave length lambda is 0.9mm at frequency 5MHz. For this case, If 
prevention of chipping tabular caliper comprising of PZT system ceramic is equal to or less than 
0. 1 13mm, and it is done, it is preferable. 
[0026] 

In addition, Acoustic impedance Z 2.4* 10 of polycarbonate are S1X kg/m 2 s. Acoustic velocity in 
polycarbonate is 1950m/s, and wave length lambda is 0.39mm at frequency 5MHz. For this case, If 
prevention of chipping tabular caliper comprising of polycarbonate is equal to or less than 0.7mm, and it 
is done, it is preferable. As thus described the class of prevention of chipping having the acoustic 
impedance which is near to rubber system backing material is used, it is become, and thick chipping 
prevention bed can be formed, there is a little limit about thickness. 
[0027] 

Ultrasound probe in the present embodiment is shown in FIG. 2 more in detail, it is explained by means 
of production method. Electrode six or seven are formed in underside of piezoelectric oscillator 1 and 
top respectively. Polarization is ground by applying electric field to piezoelectric oscillator 1 from 
electrode six or seven. Soldering does an electrically conductive layer of F PC 8 for earth (GND) in an 
end of electrode 7 of top of piezoelectric oscillator 1. Soldering does an electrically conductive layer of 
F PC 9 for sign in an end of electrode 6 of underside of piezoelectric oscillator 1. Chipping prevention 
bed 2 comprising of polycarbonate of 100 caliper mu m is bonded to underside of piezoelectric oscillator 
1 in peoxy adhesire except connection with an electrically conductive layer of F PC 9. Peoxy adhesire 
10 is buried in faulting of connection lower part of an electrically conductive layer of F PC 9 to lose an 
electrically conductive layer of F PC 9 and difference of thickness with prevention of chipping layer 2. 
In top of piezoelectric oscillator 1, the first sound matching bed 4 of predetermined caliper comprising 
of the composite material which scattered alumina powder in epoxy resin is formed , even more 
particularly, thereupon, the second four sound matching bed 'of appointed caliper comprising of Lumi 
matte (resin sheet) is bonded. Underside of prevention of chipping layer 2 is adhesively bonded in epoxy 
resin on rubber system backing material 3. 
[0028] 

Next, F PC eight or nine are bent in carbuncle along flank of backing material underneath. In this state, 
it sets in die thing saw, the second four sound matching bed \ the first sound matching bed 4, 
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piezoelectric oscillator 1 and chipping prevention bed 2 is cut in predetermined lattice parameter, and 
array is processed. Piezoelectric oscillator 1 can be machined without chipping. DC voltage is applied 
from an electrically conductive layer of F PC eight or nine, and piezoelectric single crystal 1 does 
repolarization to produce polarization degradation after array processing. Afterwards, Silicone resin is 
filled with breaking bezel, acoustic lens 5 is bonded on the second four sound matching bed '. Even 
more particularly, A cable is connected to an end of F PC, it is put away in case, and ultrasound probe is 
produced. 
[0029] 

In this way, In produced ultrasound probe, character dispersion between array elements is good with less 
than ldB. In ultrasound probe having configuration shown in example 2 FIG. 2 T some character can 
deteriorate in soldering done distal territory an electrically conductive layer of F PC, symmetry of sound 
field is disturbed, it can be caused. Configuration of the ultrasound probe that FIG. 3 can solve this 
problem is shown. 
[0030] 

In FIG. 3 . electrode six or seven are formed in underside of piezoelectric oscillator 1 and top 
respectively. Electrode 6 of underside is kept away from side and the contralateral end where an 
electrically conductive layer of F PC is connected to, and it is formed, it is formed on the entire surface 
aside from this end. Electrode 7 of top is separated from an end of the side which an electrically 
conductive layer of F PC is connected to, and it is formed, it is formed on the entire surface aside from 
this end. Polarization is ground by applying electric field to piezoelectric oscillator 1 from electrode six 
or seven. Then, As for these endses, it is not done polarization in underside or there not being electrode 
of top with an ends of piezoelectric oscillator 1. 
[0031] 

On the other hand, Prevention of chipping layer 2 comprising of alumina of 50 caliper mu m is prepared 
for , besides, lower both sides and unilateral face seem to be covered, and electrode 1 1 is formed. 
Electrode of top seems to become same shape for electrode 6 of one piezoelectric oscillator underside 
and parenchyma, it is kept away from an end of the side which in other words an electrically conductive 
layer of F PC is connected to, and it is formed, it is formed on the entire surface aside from this end. 
Electrode of underside forms on the entire surface. 
[0032] 

Electrode 6 of underside of piezoelectric oscillator 1 and electrode of top of prevention of chipping layer 
2 are bonded in peoxy adhesire. In doing so, While pressurizing adhesive, it makes both electrode be 
turned on by stiffening. In addition, Peoxy adhesire 10 is filled to bury annulus corresponding to 
thickness of these electrode to produce between top of underside and prevention of chipping bed 2 of 
piezoelectric oscillator 1 in an end. 
[0033] 

Soldering does an electrically conductive layer of F PC 8 for GND in an end of electrode 7 of top of 
piezoelectric oscillator 1. Soldering does an electrically conductive layer of F PC 9 for sign in a polar 
end of underside of prevention of chipping layer 2. The first sound matching layer 4 and the second four 
sound matching bed 'are formed in top of piezoelectric oscillator 1, underside of chipping prevention 
bed 2 is bonded in epoxide resin on rubber system backing material 3. 
[0034] 

Next, F PC eight or nine are bent in carbuncle along flank of backing material underneath. In this state, 
it sets in die thing saw, the second four sound matching bed ', the first sound matching bed 4, 
piezoelectric oscillator 1 and chipping prevention bed 2 is cut in predetermined lattice parameter, and 
array is processed. Piezoelectric oscillator 1 can be machined without chipping. Repolarization is done 
after array processing. In this repolarization, only the central part that electrode six or seven of top and 
bottom both sides of piezoelectric oscillator 1 face leave polarization, and condition of undifferentiation 
pole can hold an ends. In doing so, Piezoelectric oscillator 1, peoxy adhesire 10 and laminate of 
prevention of chipping bed 2 are caught, and, in the end where an F PC is connected to, tension is 
applied by top and bottom. However, Because dielectric constant of prevention of chipping bed 2 
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comprising of alumina is small in emergency in comparison with dielectric constant of piezoelectric 
oscillator 1, bulk of tension is applied to chipping prevention bed 2, though it makes piezoelectric 
oscillator 1 do polarization, because enough tension is not applied, is not done polarization. Afterwards, 
Silicone resin is filled with breaking bezel, acoustic lens 5 is bonded on the second four sound matching 
bed \ Even more particularly, A cable is connected to an end of F PC, it is put away in case, and 
ultrasound probe is produced. 
[0035] 

In this way, Character dispersion between array elements has a small ldB as follows, and, in produced 
ultrasound probe, sound field of each oscillator comprises symmetry. Configuration of ultrasound probe 
of the present embodiment is shown in example 3 FIG. 4 . Electrode six or seven are formed on the entire 
surface of top and bottom both sides of single crystal oscillator 1. On the other hand, F PC 9 for F PC 8 
for GND which bared an electrically conductive layer comprising of copper plate of about 20 caliper mu 
m and sign is prepared for for the purpose of becoming approximately equal acreage in acreage of 
piezoelectric oscillator. Conductive layer of F PC 8 for GND is bonded to an end of electrode 7 of top of 
piezoelectric oscillator 1 in peoxy adhesire. An electrically conductive layer of F PC 9 for sign is bonded 
to a polar end of underside of prevention of chipping layer 2 in peoxy adhesire. In doing so, While 
pressurizing adhesive, it makes electrode shi to be be'turned on by stiffening. 
[0036] 

Next, The first sound matching bed 4 and the second four sound matching bed 'are formed on an 
electrically conductive layer of F PC 8 for GND adhesively bonded by top of piezoelectric oscillator 1, 
underside of an electrically conductive layer of F PC 9 for sign bonded to underside of piezoelectric 
oscillator 1 is bonded in epoxide resin on rubber system backing material 3. In this state, it sets in die 
thing saw, the second four sound matching bed ', the first sound matching bed 4, piezoelectric oscillator . 
1 are cut in predetermined lattice parameter, and array is processed. In doing so, Piezoelectric oscillator 
1 can be processed without chipping so that an electrically conductive layer of F PC 9 adhesively 
bonded by underside of piezoelectric oscillator 1 (copper plate) functions as chipping prevention bed. 
Afterwards, Ultrasound probe is produced after example 1 and a process same as 2. 
[0037] 

Turbulence of sound field does not produce top and bottom both sides of piezoelectric oscillator 1 
extend over the entire surface in ultrasound probe of FIG. 4 . and to become the same assembling. In 
addition, An electrically conductive layer of F PC is connected by adhesion, because soldering is not 
done, there is not evolution of residual stress by heating of spot, and yield can be improved. In this way, 
In produced ultrasound probe, character dispersion between array elements is small with less than ldB. 
[0038] 

The method which array processes single crystal oscillator into without establishing the class of 

prevention of chipping in four embodiment embodiment is explained. 

[0039] 

As shown in FIG. 5 (a), electrode (not shown) is formed on both sides of single crystal oscillator 1, after 
having connected an electrically conductive layer of F PC (not shown) to these electrode, appointed 
caliper formed the first sound matching bed 4 older than on single crystal oscillator 1. The composite 
material which scattered alumina powder in peoxy adhesire for the first sound matching layer 4 was 
used. 
[0040] 

Sound matching layer 4 is done below, and this the first structure is set in die thing saw, and, as shown 
in FIG. 5 (b), a die thing is done, till it is slightly cut with the first sound matching bed 4 from one single 
crystal oscillator side, array was processed. Then, Single crystal oscillator 1 was able to be processed 
without chipping so that the first lower part of single crystal oscillator 1 was supported with sound 
matching layer 4. 
[0041] 

As shown in FIG. 5 (c), silicone resin (not shown) is filled with breaking bezel, array processed single 
crystal oscillator 1 was bonded on rubber system backing material 3. Next, The first sound matching 
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layer 4 is ground in predetermined caliper , thereupon, the second sound matching bed (not shown) was 
bonded. Subsequently, Backing material 3 is made bottom, and it sets in die thing saw, and a die thing is 
done to a dicing line formed by means of a die thing of FIG. 5 (b). a limit of the first sound matching 
bed 4 was had, and array was processed to minute. In doing so, Chipping does not need to produce 
single crystal oscillator 1 in a die thing not being considered to be. Afterwards, The acoustic lens which 
is not illustrated is formed, ultrasound probe was produced. In this way, In produced ultrasound probe, 
character dispersion between array elements is less than ldB. 
[0042] 

[EFFECT OF THE INVENTION] 

As discussed in detail above, according to the present invention, piezoelectric single crystal is used as 
piezoelectric oscillator, the ultrasound probe which chipping of piezoelectric single crystal is prevented 
in array processing, and can prevent character degradation and dependability fall can be provided. 



[BRIEF DESCRIPTION OF DRAWINGS] 
[ FIG. 1 ] 

It is cross section of ultrasound probe in example 1 of the present invention. 
[ FIG. 2 ] 

It gets together in ultrasound probe of FIG. L and it is cross section shown in detail. 
[ FIG. 3 ] 

It is cross section of ultrasound probe in example 2 of the present invention. 
[ FIG. 4 ] 

It is cross section of ultrasound probe in example 3 of the present invention. 
[ FIG. 5 ] 

It is a perspective diagram showing production method of ultrasound probe in embodiment 4 of the 
present invention. 
[ FIG. 6 ] 

It is a perspective diagram of conventional ultrasound probe. 
[ FIG. 7 ] 

It is a perspective diagram showing production method of conventional ultrasound probe. 
[DENOTATION OF REFERENCE NUMERALS] 

One ... piezoelectric oscillator The prevention of two ... chipping layer Three ... rubber system backing 
material 4, four sound matching layer Five ... acoustic lens Six or seven ... electrode Eight or nine ... 
F PC Ten ... peoxy adhesire 1 1 ... electrode 
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